CONTRIBUTIONS TO KINEMATICS. 


Classification of Bi-Circloids, Curves of two curvatures (in 

the same plane), the Resultants of two circular movements. 

By Henry Perigal, Jun., Esq., F.R.A.S. 

“ The Doctrine of Motion may be divided into two Sciences; 
Dynamics which treats of the cattses* and Kinematics which 
treats of the effects* of Motion . The Former dcvelopes the 
movements which result from the forces or causes treated of; 
the latter deduces the Urns of the modifications of Motion* con¬ 
sequent upon the movements and combinations of movements 
treated of, without reference to the forces which produce and 
maintain the movements*.” Here movement and motion 
are considered in the relation of cause and effect. 

Kinematic Curves are the resultants of combined move - 
ments; the mgt^jgsa representatives qf the Laws of MonoNf. 
When delineated bv instruments constructed lor the purpose, 
they are the veritable Autographs of Motion, There ore three 
systems by which they may thus be organically described; viz. 
on afxed plane bp a moving jtoinf* as Soardi’s Geometric 
Pen; on a moving plane bp a Jfxed point* as I b bet son’s Geo¬ 
metric Chucks; and on a mooing plane bp a moving point* as 
Perigal’s Kinegraphs, instruments contrived by myself. The 
same Curves, neither more nor less, can be produced by each 
of these methods: that is to say, no curve can lie produced 
by either system that cannot likewise be produced by each of 
the others, though not by precisely the same arrangements of 
the combined movements. 

Kinematic Curves may be classified according to the 
number qf circtdar movements by which they are produced; 
each curve, of course, having that number of curvatures . Thus, 
the Circle is the only Curve of one curvature* The Curves 
of two curvatures, the resultants of two circular movements, 
are innumerable; so are the Curves of three curvatures, re¬ 
sulting from three circular movements; likewise the curves of 
four or more curvatures, which result from four or more cir¬ 
cular movements; each class comprising its own peculiar 
members, besides comprehending a proportion of those of the 
classes below. [The curvatures may be all in the same plane* 
or in two or more different planes* according to the circum¬ 
stances of their generation: but at present I allude only to cur¬ 
vatures in one plane*] These may be termed Bi-Circloids, 

.. V°^ °* Kinematic ejects of Revolution and Rotation. By 
It PterigalJuD.; 1846-49. 1 

t T Wae laws are not to he confounded with “the three Laws of Motion," 
attributed to Newton; which aometimes appear to be regarded as if they 
mm the omfy Laws of Motion 1 



2 Perigal’s Classification of Bicircloids. 

Tri-Circloids, Tetra-Circloids, Penta-Cjrcloids, &c, 
according to the number of generating movements* 

Although the number of Kinematic Curves in each class 
is known to be innumerable, yet it is interesting to estimate 
how many curves are comprised within certain limitations 
which may lie assumed for the purpose: and a comparative 
notation of their i n j£gran|jgarjs or symmetric branches offers 
facilities for such a1^||^H|E 

It is evident on inspector! that every Curve is compounded 
°f a certain number of tike parts, which may be called the 
timos of the Curve their number being dependent upon the 
particular combination of movements that produced the curve* 
Thus the Oval (or Egg shape) may be divided into two sym¬ 
metric halves, the Ellipse into four symmetric quarters, the 
Circle into any number of symmetric arcs, &c., &c.: such 
*£g re R at i 0 ! ,a l construction being still more apparent in the 
looped Epicycloids and Epitrochoids* It is on tnis principle 
that I have arranged the accompanying Tables o/'Bicircloids. 

In the mathematical investigation of Curves, the first of the 
three systems above-mentioned seems to be considered the 
most convenient by mathematicians; who treat of Bicircloids 
as if generated by a point traversing the periphery of a circle 
called the Epicycle, while the center of the epicycle is carried 
round the circumference of another circle called the Deferent, 
with a constant ratio of velocity. 

When the angular velocity of the Epicycle is less than that 
of the Deferent, the Curve progresses in spires (coils or cir¬ 
cumvolutions) and may therefore be called Spiroid, Spiratite, 
or Convolute . When the angular velocity of the Epicycle is 
greater than that of the Deferent, and their radii are equal, 
the Bicircloid becomes a looped curve: the loops all meet in the 
center, and are internal or external according as the two move¬ 
ments are direct or inverse ; that is to say, in the same or in 
contrary directions. When the ratio of the velocities is ex¬ 
pressed by a fraction in its lowest terms, the numerator denotes 
the number of the Loops; and the denominator their order, 
whether consecutive or alternate, &c. 

The Curves may be called ciseen trie, concentric or centric, 
and tramcentric ; according aseacli of their component branches 
lies wholly on one side of the center, cuts the center, or circum¬ 
scribes the center, of the Deferent. 

The points most distant from, and nearest to, the center, 
are called Apocenters and Pericertlcrs, the Apses of the curve; 
situated in two circles, the radii of which are equal respectively 
to the sum and to the difference of the radii of Epicycle and 
Deferent: the number of apocenters, as well as the number 
ol percenters, being the same as the number of branches* 

Smith Street, Chelse*, Henry Perioal, Jun. 

August 1849. ^ 
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BI-CIRCLOIDS. 

Classification of the first two hundred Curves resulting from two 
circular movements :—each of which can be produced by two 
different combinations*; excepting only the Uicircloid of one 
external loop , represented by (the Annuloid or Dactpioid) the 
excentric Circle , when the two movements are equal in angular 
' velocity around tlieir own centers and contranr in direction, the 
motion consequently parallel f; and die Bicircfoid of two external 
loops, when the angular velocities are 2:1 in contrary directions, 
represented by the lamily of Ellipses including dicir extremes 
the Circle and (the Hectoid or Orthoid) the finite Eight-line. 

The Curves are arranged according to the number of their 
Limbs or symmetric Branches (integrant parts). With their polar 
Expiations when centric ; the radius of the Epicycle (the moving 
Circle) being equal to that of the Deferent (the fixed Circle); 

V y 

r ~*cos^r^f, direct; or r=ma cos inverse. 


No. of VdociUe*. Polar Equation 

Curve. Direct. Imw*. of centric curve. 

1. — 1:1, r=«cos0,t$ 

2. 1:1 or 1:2, rasa cos J0.§ 

3. - 2:1, r=acosg0.|| 

4. 2:1 or 2:3, r=sfl cos J0. 

5 . 1:2 or 1:3, rsa cos £0. 

6. -f S: * 

L or 3:2, r=a cos 30. 

7. 8 :1 or 3:4, cos J0. 

8. 1:3 or 1:4, r—a cos f 0. 

9. 3:2 or 3:5, r=a cos J0. 
10, 2: 3 or 2:3, r=a cos } 0. 

| 4:« 

l or 4 : 3, rma cos 20, 

12. 4:1 or 4:5, cos J0. 

13. 1:4 or l :5» r=a cos ^0. 

14. 4:3 or 4:7, rtsta cos f 0. 


11 


No. of Velocities. Polar Equation 

Curve. Direct. Inrene. of centric Cum. 

15. 3:4 or 3:7, rsacos T s T 0. 


16. 


{ 


5:1 

or 5:4, r=«cos £0. 

17. 5:1 or 5:6, r=sa cos|0. 

18. 1:5 or 1:6, r=a cos-^yd. 

19. { 5i2 

L or 5:3, r=«cos50. 

20. 5:2 or 5*7, rascosjl. 

21. 2:5 or 2:7, r«acos^0. 

22. 5:3 or 5:8, r=<icos-^0. 

23. 3:5 or 3:8, r=s<*cos T \0. 

24. 5:4 or 5:9, r=<*cosyV* 

25. 4:5 or 4:9, ra=ncosf0. 

26. { 6!l 

t or 6:5, r=sacosJ0. 

27. 6:1 or 6:7, r=sacos|0. 


«=(b+d)= radius of Epicycle + radius of Deferent. 

V V V V 

• ^ invert* or verse, complements! curves ; and — direct or **• 

rrrtr, supplemental curves: where — as ongulartvioci/yofEpicycle^ ^ a j )OUt 
rr V angular vetoed a of Deferent 

it* own center j direct when the two movements are in the same direction, inverse 
when contrary. J The.! mi */<>«/. $ The 7 VucrDir. | TheOrfAoid. 

f The solitary case of parattet motion among Bicircloids; because the only 
possible instance of double circular motion which is ep+reciprocol. 
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PerigaPs Classification of Bicircloids . 


He. of Vdoehic*. *»lar fcputMo 

No. of 

Vdadtiet. 

MtfKqMitt 

Com. Dhoct. Ibtow. ofctabk Cum. 

Cum. 

Dmct. 


invent. 

of coatrie Com. 

28. 1:6 or 1: 7, r»a cos T V0. 

57. 

9:1 

or 

9:10, 

rssacos^0. 

29. 6:5 or 6:11, r=« cos §1 

58. 

1:9 

or 

1 :10, 

r=a cos T9 0. 

80. 5:6 or 5:11, rsacos^l 

59. 

/ 


9:2 


si. -f 7sl 

l 

or 

9:7, 

rssflcosfl. 

L or 7:6, rasacos}0. 

60. 

9:2 

or 

9:11, 

r=a cos f^0. 

32. 7:1 or 7:8, r=a cos {0, 

61* 

2:9 

or 

2: 11, 

r»a cos^G. 

S3. 1: 7 or 1:8, r=a cos T V0* 

62. 

/ 


9:4 


3*. -f 7:2 

L or 7:5, r«*acosJ0. 


1 

or 

9:5, 

r=a cos 90. 

63. 

9:4 

or 

9:13, 

r=a cos / 7 0. 

35. 7:2 or 7:9, r=ocos^6. 

64. 

4:9 

or 

4: 13, 

rtma cos T ^0. 

36. 2:7 or 2:9, r=acos£0. 

65. 

9:5 

or 

9:14, 

rasa cos y^0. 

». -f 7:3 

L or 7:4, rasa cos 70. 

66. 

5:9 

or 

5:14, 

r=sa cos ? s 5 0. 

67. 

9:7 

or 

9:16, 

rasa cos ^0. 

38. 7 : 3 or 7:10, r=a cos ^*0. 

68. 

7:9 

or 

7:16, 

r=a cos 

39. 3:7 or 3:10, r=acos/ 7 0. 

69. 

9:8 

or 

9:17, 

r=acos$tj9. 

40. 7:4 or 7:11, r=acos-/j0. 

70. 

8:9 

or 

8: 17, 

rasa cos t 4 3 0. 

41. 4:7 or 4:11, r=acos 

71. 



10:1 


42. 7:5 or 7:12, r=a cos ^0. 

l 

or 10:9, 

rasa cos |0. 

43. 5:7 or 5 :12, rasa cos / 9 0, 

72. 

10: l 

or 10:11, 

r=a cos £0. 

44. 7:6 or 7:13, rasa cos/ o 0. 

73. 

l: 10 or 

1 $ 11, 

r=a cos 2 ^0. 

45. 6:7 or 6: 13, rasa cos ^,0. 

74. 



10:3 


46. -T 8!l 

1 

or 10:7, 

rssa cos j0. 

L or 8:7, rasa cos J0. 

75. 

10:3 

or 10:13, 

r=acos £0. 

47. 8:1 or 8:9, r=acos£0. 

76. 

3: 10 or 

3:13, 

rasa cos / 3 0. 

48. 1 :8 or 1 : 9, r=a cos T l 7 0. 

77. 

10:7 

or 10: 17, 

r=a cos ^0. 

49. | 8:3 

78. 

7: 10 or 

7:17, 

r=a cos g 7 7 0. 

L or 8 : 5, r=a cos 40. I 

79. 

10:9 

or 10: 19, 

r=acos T \d. 

50. 8:3 or 8:11, r=«co8 £0. 

80. 

9: 10 or 

9: 19, 

r«a cos ^0. 

£1. 3:8 or 3:11, r=acos/ 9 0. 

31. 



11: 1 


52. 8:5 or 8:13, r = acos£0. 

l 

or 11 : 10, 

r=a cos 

53. 5:8 or 5:13, raacos^-0. 

82. 

11 : 1 

or 11: 12, 

r=jco*-}i<. 

54. 8:7 or 8 :15, rasa cos T \0. 

83. 

1 : !I or 

1 : 12, 

rma cos g l 3 0. 

55. 7:8 or 7:15, rsacos f 7 f 0. 

84. 

/ 


11:2 


sfi . { 9:1 . ; 
L or 9: 8, r=a cos f0. j 

l 

or 

11:9, 

r=a cosi^0. 

85. 

11:2 

or 

11:13, 

r=a cos 

87 , 9:1 or 9:10, r=a cos T \0. j 

86. 

2:11 or 

2:13, 

rasa COS |9 0* 



PerigaPs Classification of llicirdoids. 


Non# 

I direct 


P4»t P^«ati«« 
trf crntrkr flint. 


116. 


122 . 


85.11:2 or 11:13, r—n cos f}0< 

86. 2 : 1 1 or 2: IS, r=a cos T 'g^ 

87. «f 11:3 

L or 11:8, rata cos 9. 

88.11:3 or 11:14, r=o cos }11 
89. 3:11 or S; 14, rata cos ,/j9. 

so. / 

C or 11; 7, r =0 cos 1J 9. 
91.11:* or 11:15, r=a cos [,*•. 

92. * s 11 or *: 15, rasa cos 
11:5 

or 11:6, #*=a«cos 11$. 

9*. 11:5 or II: 16, rata cos .] [ j. 

95. 5: 11 or 5:16, r=rt cos ,/' f 9, 
96.11:6 or II : 17, raacos £>f. 

97. 6: 11 or 6:17, rata cos y\ 4. 
98.11:7 or II :18, ra/icos »}«. 

99. 7:11 or 7:18, r=acos fj. 
100.11:8 or 11:19, r=ocos£i9. 

101. 8:11 or 8:19, raocos-^ 0. 

102. 11:9 or 11:20, cos A i 5,, 

** 1131 

103. 9:11 or 9:20, ra<i cos L j 


93. 


{ 


No «| Ychx-itim. 

Curve. IHmrt. 




{ 


13:1 

or 13:12, r=a cos {}♦. 
117.13:1 or 13:14, raaeasjf 0. 

118. 1:13 or 1:11, rasa cos s l 7 9, 

119. | ,3 -“ 

or 13: II, r —a cos 9. 

120.13:2 or 13:15, r»acos}f0. 
121. 2; 13 or 2:15, raacos T ',l. 
/ 13:3 

l or 13:10, rsaco: f?0, 
123. 13 : 3 or 13 :16, r=«rcos j.jjl. 


121 . 

125. 


=« cos, 


101. 11:10 or 11:21, rsacos £ {1 
105. 10:11 or 10:21, ran cos y't 5, 
12:1 

or 12: II, rssocosJS. 


106. 


{ 


3: 13 or 3:16, r = 

13:1 

or 13:9, rsssreos Vf. 

126. 13:4 or 13:17, rata cos ] ] 1. 

127. 1: 13 or 4:17 t r=a cos f»9. 
13:5 

or 13:8, r=acosJLH. 
129.13:5 or 13:18, raacosjftf. 
J30. 5:13 or 5:18, 

^ 13:6 


, { 
i:i 
I: I 

128. 


or 13:7, r»acosl36. 


132.13:6 or 13:19, r=acos^j. 
133. 6: IS or 6:19, raacos^l. 
134.13:7 or 13 :20,/ a a cos j 20. 
135. 7:13 or 7:20, raacos 3 7 3 0. 


107.12:1 or 12:13, r«ocosCS. | 3 .(i or 13:21, r=acos ”S 


109. 


{ 


108. 1:12 or 1:13, raacos 8 « 3 0. 
12:5 

or 12:7, ran cos60, 

110. 12:5 or 12:17, rata cos {\ 0. 

111. 5:12 or 5:17, r= r/ cos ,-\9. 
112.12:7 or 12:19, r=acos T y. 
113* 7:12 or 7:19, raoco*/, 6. 

114. 12:1 f or 12:23, ran cos j. 

115. 11:12 or 11: 23, ra a cos 9. 


137. 8:13 or 8 1 21, r»«cos T * r 0. 
138.13:9 or 13:22, r«acos Jf 1 

139. 9:13 or 9:22, rsa cos jy I 

140. 13:10 or 13:23, rata cos‘g* 

141. 10:13 or 10:23, r»acos^ s ( 

142. 13: II or 13:24, rsacosj|( 

143. 11:13 or 11:24, r«acoj jj( 

144. 13:12 or 13:25, raacos^fi 

145. 12:13 or 12:25, rsaacosfj 


-..j iru. ui r=ac(] 

«a(D + E)=: radius of Circle wliicli circumscribes the Curve. 
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Perigal’s Classification qf Bicirdmds . 


146. 


{ 


at Metric Cterre. 

till 

or 14:13, rssacotp. 
47.14:1 or 14:15, rsacosjl. 

48. 1:14 or 1; IS, r=ts cos y ^l. 

49. -f UsS 

v. or 14:11, reea cos |0. 

50.14:3 or 14:17, rstscos/gd. 
51. 3:14 or 3:17, rma cos ^>f. 

59. / 14:5 

L or 14:9, r=a cos Jl. 

53.14:5 or 14:19, rsetzcos/gd. 

54. 5:14or 5:l^r«acos^l 

55. 14:9 or 14:83, r=a cos / s l, 

56. 9:14 or 9:83, rsza cos/ r l. 

57. 14:11 or 14:85, rM<tco:/ s l. 

58. 11:14 or 11:85, r**ttcos }£d. 

59. 14:13 or 14:87, r=a cos 

60. 13:14 or 13:27, rseacosjfd. 

61. / I5!l 

l or 15:14, rests cos 

68.15:1 or 15:16, rests cos {|d 

63. 1:15 or 1:16, rests cos /yd. 

64. | 15:2 

L or 15:13, r«acM||l. 

65. 16:8 or 15:17, rsacosfjl 

66. 2:15 or 2:17, rssocos/^d. 

67. { ,S! * 

L or )5ill,rascoiJ^l. 

68.15:4 or 15:19, rssacos 

69. 4:15 or 4:19, r=acos T fl 7 d. 

70. ( ,5s7 

L or 15:8, rseacosl5d. 

71.15:7 or 15:22, r=«cos^fi. 


of Metric Ctm. 

172. 7 : 15 or 7*: 22, rettscos/ 7 d. 
173.15:8 or 15:23, rsso cos 

174. 8:15 or 8:23, rsstr cos T \d. 

175. 15:11 or 15:26, r=a cos 

176. 11:15 or 11:26, rests cos#** 

177. 15:13 or 15:28, rMCOtjfd. 

178. 13:15 or 13:28, rests co*{fd. 

179. 15: 14 or 15:29, rata cos ||d. 

180. 14:15 or 14:29, r=a cos 5 7 7 d. 

181. | 1611 

L or 16:15, r=tscos$d. 

182.16:1 or 16:17, r=is cos |4. 

183. 1:16 or 1:17, rastr cos/yd. 

184. / ,6i3 

L or 16: IS, rstzcosjd. 

185. 16:3 or 16:19, r=ts cos &$. 

186. 3:16 or 3:19, rsstscos 5 ^d. 

187. / ,6!S 

t or 16:11, r=a cos §1 

168.16:5 or 16:21, rests cos ^1. 

189. 5 1 16 or St 21, r=acos JLd. 

190. { I6!7 

l or 16:9, rsso cos 81. 

191.16:7 or 16:23, r=a cos/ 7 d. 

192. 7:16 or 7:23, rests cos/ 9 d. 

193. 16:9 or 16:25, rsacos^d. 

194. 9:16 or 9:25, rests cos J^d. 
i 95.16 1 II or 16:27, rsso cos r %$. 

196. 11:16 or 11:27, r=aco» J»d. 

197. 16:15 or 16:29, r=ts cos / r d. 

198. 13:16 or 13:29, r=a cos |fd. 

199. 16:15 or 16:31, nets cos &#. 

200. 15:16 or 15:31, treated. 


tz =s(D+i)= radius of Apocentral Circle. 

Every one of the above is susceptible of innumerable variations of form 
(phases), dependent upon the ratio qfthe radius of the Epicycle to that of 
tne Deferent, when not centric or equtradial. 
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Rota «f VabdtfM. 1 

! Marl**** 

fUdoofVttcMkUi. 

cf cMttkCvra. 

lanrK. 

tnvmc. 

cf etnfcrieCam. 

Dincl. 

Iwn. 

rssta COS 8, 

— 


1:1. 

rsaacosl, 

— 

1:1. 

rasa cos 2 8, 

4:1 

or 

4:3. 

rasa cos | 8, 

2:1 or 

2:3. 

rasa cos 3 5, 

3:1 

or 

3:2. 

r=a cos i 8, 

1:1 or 

1:2. 

r=acos J5, 

6:1 

or 

6:5. 

r=sacosf 8, 

4:1 or 

4:5. 

r=acos40, 

8:3 

or 

8:5. 

r=a cos £8, 

2:3 or 

2:5. 

r~a cos $0, 

8:1 

or 

8:7. 

rwta cos f 8, 

6$ l'or 

6:7. 

r=a cos 50, 

5:2 or 

5:3. 

rsaa cos} 8, 

1:2 or 

1:3. 

r=a cos £0, 

10:3 

or 

10:7. 

r=a cos }8, 

4:3 or 

4:7. 

rssacos |0, 

5:1 

or 

5:4. 

rasa cos f 8, 

3:1 or 

3:4. 

rssacos £0, 

10:1 

or 

10:9. 

r=acosf 8, 

8:1 or 

8:9. 

r=a cos 68, 

12:5 

or 

12:7. 

rs=acos|d t 

2:5 or 

2:7. 

r=acos J8, 

12:1 

or 

12:11. 

rasa cos 4 8, 

10:1 or 

10:11. 

r=a cos 75, 

7:3 

or 

7:4. ; 

rssacos { 8, 

1:3 or 

1:4. 

rssa cos J 0, 

14:5 

or 

14:9. 

rasa cos f 8, 

4:5 or 

4:9. 

r=a cos £0, 

7:2 

or 

7:5. 

r=acos $8, 

3:2 or 

3:5. 

rasa cos £0, 

14:3 

or 

14:11. 

rasa cos $8, 

8:3 or 

8:11. 

rss cos } 8, 

7:1 

or 

7:6. 

r=a cos f 8, 

5:1 or 

5:6. 

rasa cos J8, 

14:1 

or 

14:13. 

rss a cos f 8, 

12:1 or 

12:13. 

r * or cos 8 0, 

16:7 

or 

16:9. 

r*»a cos ^8, 

2:7 or 

2:9. 

rasa cos} 8, 

16:5 

or 

16:11. 

rssta cos f 8, 

6:5 or 

6:11. 

r=acos } 5, 

16:3 

or 

16:13. 

r=a cos jj 8, 

10:3 or 

10:13. 

r=acos } 0, 

16:1 

or 

16:15. 

rssta cos £8, 

14:1 or 

14:15. 

rasa cos 9 8, 

9:4 or 

9:5. 

rasa cos £8, 

1:4 or 

1:5. 

rasa cos f 8, 

18:7 

or 

I8:ll.j 

rssacos|8. 

4:7 or 

4:11. 

rasa cos} 8, 

18:5 

or 

18:13. 

rssacos{8, 

8:5 or 

8:13. 

rmacos J8, 

9:2 

or 

9:7. 

r=a cos $0, 

5:2 or 

5:7. 

rsa cos } 8, 

9:1 

or 

9:8. 

rasa cos {8, 

7:1 or 

7:8. 

r«a cos 18, 

18:1 

or 

18:17. 

rasa cos f 8, 

16:1 or 

16:17. 

rasa cos 108, 

20:9 

or 20:11. 

r=acos T ^8, 

2:9 or 

2:11. 

rasa cos ~8, 

20:7 or 20:13. 

r=a cos 8, 

6:7 or 

6:13. 

rasa cos 1^8, 

20:3 

or 20:17. 

rasa cos ^8, 

14:3 or 

14:17. 

rasa cos 8, 

20:1 

or 20:19. 

r=a cos 8, 

18:1 or 

18:19. 

rs= a cos U 8, 

11:5 

or 

11:6. 

rssacos yV 8, 

1:5 or 

1:6. 

r=a cos JJ. 8, 

22:9 

or 22:13. 

rma cos -ft 8, 

4:9 or 

4:13. 

rssacos-U 8, 

11:4 

or 

11:7. 

rssta cot ft 8, 

3:4 or 

3:7. 

rsa cos .U 8, 

22:7 or 22:15. 

rasa cos ft 8, 

8:7 or 

8:15. 

- = COS«0 as 
a 

cos y direct ; or ~ sscoo 

jr 

invent. 
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Perigal’s Enumeration of Bicireloids. 

As all Bicireloids when concentric are looped curves, they 
may be classified according to the number of their Loops or 
of their Spires, their Limbs or symmetric Branches (integrant 
parts), determined by the velocity ratio* In this way we may 
ascertain how many Bkircioids are comprised within certain 
limitations of loops and spires; as in the following Table. 
[Bicireloids are otherwise innumerable, because the ratios on 
which they depend are naturally inexhaustible.] 

Let K bo the given number; p the primes to it less than 
itself; n the ratios they will represent fractionally, and c tin* 
bicircloul curves whose velocities can be expressed thereby; 
a, b, c, d, &c, the aliquot parts of n : then 


2n 


/ g— 1 5—t c«— I d— I 
\ a ~~B c d 



and r+ — ssc. 


BI-CIRCLOIDS, 


of which the Loops or Spires are 


only 1, 

as 

2. 

not more than 

% 

s 

10. 

••• 2, 

33> 

‘ 3. 

*«• 

5, 

SB 

25. 

••• 3, 

S3 

5. 


7, 

3= 

45. 

... 4*, 

S3 

5. 

• •* 

9, 

35 

70. 

••• 5, 

32 

10. 

• •• 

19, 

23 

800. 

••* 0, 

= 

5. 

a •• 

29, 

— 

675. 

••• 7, 

35 

15. 


39, 

=5 

1 185. 

•• • 8, 

= 

10. 

»«a 

49, 

=3 

1 885. 

••• 9, 

SB 

15. 


59, 

S3 

2 715. 

••• 10, 

3= 

10. 

i«» 

69, 

SS 

3 675. 

... 11, 

S3 

25. 


79, 

=3 

4 835. 

... 12, 

ms 

10. 


K9, 

= 

6 140. 

... 13, 

S3 

30. 

sea 

99, 

SB 

7 510. 

... 14, 

= 

15. 

• •a 

199, 

SS 

30 380. 

... 15, 

S3 

20. 


299, 

S3 

68 295. 

... 16, 

sss 

20. 

*•« 

399, 

=S 

121 295. 

... 17, 

=s 

40. 


499, 

S3 

189 790. 

... 18, 

=s 

15. 


599, 

5= 

273 350. 

... 19, 

= 

45. 

• •• 

699, 

SS 

371 945. 

... 20, 

S3 

20. 


799, 

S3 

486075. 

... 21, 

= 

30. 


899, 

= 

615215. 

... 22, 

= 

25. 

• a# 

999, 

35 

759 480. 

... 23, 

S3 

55. 

• •• 

1999, 

3= 

3 038 540. 

•»« 24*, 

= 

20. 


2 999, 

S3 

6837 540. 

... 25, 

ss 

50. 


3999, 

S3 

12 154 435. 



— 


4 999, 

=5 

18 993 410. 

Total under 26 

=500. 

not more than 5 000, 


18 998 410. 


Each of the above is susceptible of innumerable phases, or 
variations of form ; dependent upon the adjustment of the 
variable element, the radial ratio. 

Smith Street, Chelsea, 

August 1849. 


Henry Perkial, Jun. 





